Context. The expansive grassland biome is one of the most extensively transformed in South Africa, yet no strategy for monitoring its integrity is in place. A grassland health program, incorporating different ecosystem levels, was recently initiated. The suitability of three taxonomic groups as indicators has been tested so far: vegetation (by calculating an ecological index value, El), insects (using the South African grassland scoring system, SAGraSS) and small mammals (this study). All of these methods aim to be rapid and easy to perform. Whereas SAGraSS still needs further refinement, several factors already indicate the importance of including small mammal community parameters in integrity assessments.
assessments typically sample several different groups of organisms, the development of an effective integrated monitoring strategy for South African grassland ecosystems is long overdue. A key step is the determination of informative, easily assessed indicator groups. Based on the success of the SASS and the River Health Program in monitoring the ecological integrity of South African rivers, a grassland health program based on insect assemblages was suggested (Seaman and Louw 1999) . However, the proposed Southern African grassland scoring system (SAGraSS) has proven time consuming and difficult to implement, and further refinement and testing of the system is essential (Kaiser et al. 2009 ). In South Africa, these environmental indicators 'form the basis of the state of the environment reporting' (DEAT 2006) . However, when reported on consistently over time, they might also hold potential for assessing the effectiveness of management actions aimed at specific environmental pressures.
Small mammal communities have been investigated as bioindicators in many different environmental contexts (Fox and Fox 1984; Kirkland 1990; Carey and Wilson 2001; Ecke et al. 2002; Pearce and Venier 2005; Hoffmann and Zeller 2005; Klinger 2006; Avenant and Cavallini 2007; Glennon and Porter 2007) . This group offers multiple advantages as bioindicators: they typically are adapted for survival in relatively small areas; most species reproduce rapidly and thus show good response to successional changes in vegetation; and they generally can be sampled using relatively quick, easy and inexpensive methods (Ferreira and Avenant 2003; Avenant et al. 2008) . Compared with plants and invertebrates, they are also fairly easy to identify, and for many, there is a body of natural history information regarding their biology.
In southern Africa, variation in small mammal community structure is thought to reflect parameters such as habitat structure and complexity, rainfall and primary productivity, predation, disturbance history of the vegetation including firing, trampling and grazing, patch size and the distance between similar habitats, and the presence of exotics (Avenant 2000a (Avenant , 2000b . The impact of these factors on individual small mammal species can be expected to vary according to their physiological, nutritional, social and anti-predator requirements (see Birney et al. 1976) , while the outcomes at a community level should reflect both the complex interplay of factors and the influence of inter-specific competition. Despite the inevitable complexity, a reasonable expectation is that prolonged or intense ecological disturbance will lead to a loss of ecosystem 'integrity', associated either with invasion by exotic organisms, with changes in soil fertility or structure, or with loss of ecosystem function (e.g. through removal of large mammals or predators) and that this will be reflected in a decline in small mammal species richness (Avenant 2000b (Avenant , 2005 . A theoretical basis for this prediction is found in Tilman's hump-shaped curve model (Tilman 1982 ; Fig. 1 ), which predicts an increase in the number of species with advancing successional stage after disturbance, up to the point of ecological climax, followed by a secondary decline in post-climax contexts (also see Rosenzweig 1995 ). Tilman's model is supported by numerous empirical studies that have demonstrated correlations between species diversity and disturbance (e.g. Wootton 1998; Hastwell and Huston 2001) , and between species diversity and declines in ecosystem function, resilience and resistance (Grime 1998; Cardinale et al. 2000; Chapin et al. 2000; Johnson 2000; Loreau 2000; McCann 2000; Petchey 2000; Fonseca and Ganade 2001) . Although successional stage and 'integrity' are not equivalent ecological concepts (indeed, natural disturbance regimes are undoubtedly essential in maintaining ecological integrity), in the present context, the level of historical and contemporary disturbance is such as to expect that Tilman's model for succession can be applied to stages in ecosystem degradation (i.e. loss of integrity) and recovery (see also Avenant 2005) . Application of the model to small mammal communities is supported by studies of rodents in Chinese grasslands (Wang et al. 1999) and by several studies conducted on rodents in South Africa (e.g. Rowe-Rowe and Lowry 1982; Rowe-Rowe 1995; Ferreira and Van Aarde 2000) and elsewhere (e.g. Abramsky and Rosenzweig 1984; Abramsky 1988; Rosenzweig 1995) .
In this paper, I explore the utility of small mammals as indicators of habitat 'integrity' in the grassland biome of the Free State of South Africa, with a broader view to enhancing the role of this group of organisms in environmental assessment and management. The dataset is a compilation of results obtained over the past~15 years (e.g. Avenant 1998 Avenant , 2002 Avenant , 2003b Avenant , 2004 Nel et al. 1996) and derives from many different short-term studies and environmental assessments, carried out for a variety of reasons and with somewhat contrasting methodologies. While a longer-term, multi-organism project in one locality is in progress, this study uses all of the previously generated data from the Free State grassland biome to explore general aspects of small mammal community structure and to provide a benchmark against which future small mammal assessments and monitoring can be measured. 
Materials and methods

Study area
Rodents as indicators of ecosystem integrity
Wildlife Research(KC); Sandveld Nature Reserve (SNR); Caledon Nature Reserve (CNR); Tussen-die-Riviere Nature Reserve (TdR) -where the most detailed small mammal trapping has been done during the past~15 years in the Free State, central South Africa. All of these sites fall within southern Africa's grassland biome, and all are in some form of conservation area, where no unnatural changes have occurred within 1 km of transects just before or during the respective study periods. Comparisons are made with other localities surveyed by the author (e.g. the grasslands in Lesotho and Swaziland, or in the Nama-Karoo in the drier western Free State). The whole Free State area is characterised by cold, dry winters and hot summers. All areas receive summer rainfall but the mean annual amount varies between~500 mm in the west and~800 mm in the east. The average mean temperature varies from~7 C in July to~22 C in January, with a mean minimum temperature of~À5 C in July and a mean maximum of 35 C in January. The area rises gradually from west to east, with a topographic low of~1250 m above sea level (a.s.l.) in the west (e.g. TdR and SNR) and peaks at~2380 m a.s.l. in the east (QQNP). 
Data collection
Sampling regime varied between sites (see Table 1 ). Some were sampled once, some every 10 weeks, and some in the middle or second half of each of four successive seasons. In the earlier studies (at QQNP, WPNR, KC and SNR) a range of habitats was sampled on a variety of soil types, with the aim of correlating small mammal community structure with habitat features (Avenant 1997 (Avenant , 2000a (Avenant , 2003a Avenant and Watson 2002) . In both CNR (transects 37-40) and TdR (transects 42-44), similar grassland habitats were sampled at different successional stages with the aim of correlating small mammal community characteristics with a habitat EI value based on vegetation. At all localities except TdR, 100 snap traps were spaced 5 m apart on a single trap-line in an effort to detect all species present in a specific habitat. Transects were preferred to grids as they cover a larger area per number of traps used (Pearson and Ruggiero 2003) . Removal trapping with snap traps was used on account of its greater effectiveness compared with live traps (N. Avenant, data not shown) and as part of an active strategy of building regional collections for taxonomic studies. Traplines were moved at least 200 m every season, and in such a way that they were never closer than 100 m to the previous line in the same habitat. Traps were set for~92 h (4 consecutive days and nights) and checked and rebaited with a mixture of peanut butter, rolled oats, sunflower oil and marmite at sunrise and just before sunset.
At TdR, 200 traps per transect were set for 10 consecutive days with the aim of assessing variation in trap success, species richness, diversity and evenness over a period longer than 4 days. For this analysis I use only the results obtained during the first 4 trap-nights at TdR, thereby ensuring comparability with the other localities (but see 'Discussion').
All specimens collected were deposited in the mammal collection of the National Museum, Bloemfontein.
Three measures of abundance and community structure were calculated: trap success, species richness and diversity (calculated using the Shannon-Weiner and Simpson's information indices; Magurran 2004) . The term 'trap-night' was used to describe one trap that was set for a 24-h period (following Rowe-Rowe and Meester 1982), and trap success (or percentage success) is the number of small mammals captured per 100 trap-nights. Normality of data was checked with the Shapiro-Wilk's W test. For non-normally distributed data, standard nonparametric tests were used. Statistical analyses were done with Statistica for Windows (Statsoft Inc., Tulsa, OK), and the 95% level (P < 0.05) was regarded as statistically significant for all tests.
Results
Trap success and seasonal contrasts
Trap success differed substantially between transects in the Free State grasslands (Table 1) . Trap success calculated across all 44 transects and all sampling periods was 1.68 AE 1.22, with a range for individual transect values of 0.19-5.34. However, these pooled values do not reflect the true variability in trap success, which for specific transects and trapping periods ranged between 0 and 10.5% (Table 2) . For individual localities, mean trap success on all transects ranged between 0.125 and 5.25% at TdR (transect mean over four seasons = 1.39 AE 1.40%); between 0 and 10.5% at CNR (mean = 1.44 AE 2.88%); and between 0.39 and 5.48% at KC (mean = 2.35 AE 1.61%). At QQNP and SNR, mean trap success on all transects was 0.86 AE 0.70% and 2.2 AE 2.5%, respectively.
Significant contrasts in trap success were found between seasons for transects at WPNR and SNR (Table 2) . At KC, CNR and TdR there were clear seasonal differences on some transects but no overall significant contrasts when all transects were pooled. Trap success also varied from year to year, e.g. at WPNR trap success in autumn 1996 (the scores included in this study) was significantly lower than in autumn 1997 (Avenant 2000a) . Differences in trap success between transects were generally more marked in autumn when trap success is highest (Fig. 3) ; trap success was more often consistently low in spring and summer. At individual localities, trap success was lowest either during spring (WPNR), summer (SNR and KC), or spring and summer (TdR and CNR).
Distribution and habitat associations of species
A total of 16 species was recorded across all transects (Table 3) . Mastomys coucha and Rhabdomys pumilio were captured on the majority of transects, while Micaelamys namaquensis, Tatera brantsi, T. leucogaster and Mus minutoides were encountered regularly at regional subsets of transects. Six species were recorded on fewer than five transects, and three of these were recorded on single transects only.
Mastomys coucha has been termed a generalist and opportunist and occurs in virtually all habitats across the Free State (Avenant 1996; Avenant et al. 2008) . Rhabdomys pumilio is the only diurnal rodent present in almost all habitats in the region and it occurs in almost all habitats (Skinner and Chimimba 2005) . Tatera brantsi and T. leucogaster were consistently present on transects where the substrate was sand, while Micaelamys namaquensis was found only on rock Although Otomys irroratus can be abundant in dense vegetation, close to relatively permanent water bodies, such as streams, rivers and wetlands, this species is not easily trapped unless the traps are set in its runway (N. Avenant, pers. obs.). It is therefore unlikely to be detected by a transect trapping approach. Another species that does not readily enter traps is the shrew Suncus infinitesimus. This species can be dug from disused termitaria but it seldom enters traps, even if they are placed immediately alongside the entrance. This species was not caught in traps at any of the localities reported here.
Dendromus melanotis was only caught on the least disturbed grassland transects (at KC, CNR and TdR).
Species richness
Species richness at individual transects varied between 1 and 7 (Table 1) , with a pooled mean across all transects and seasons of 3.11 AE 1.54. Significant contrasts were detected between transects (Kruskal-Wallis H 26,108 = 69.694 P < 0.0001; Fig. 4 ). Seasonal contrasts in species richness were significant at WP (H 3,34 = 17.705, P < 0.001) and SNR (H 3,34 = 12.158, P < 0.01), but not at TdR, CNR and KC. Highest species richness at each locality was generally observed during autumn (Table 2 ; Fig. 4 ) and a similar pattern is observed when the number of species for each trap session was expressed as a percentage of the total number of species trapped at the specific habitat (Figs 5, 6 ). At all five localities where seasonal trapping was carried out, all the species were detected between the autumn and winter trap sessions.
For all data pooled, a significant correlation was found between species richness and trap success (Spearman r = 0.693, P < 0.05), as well as between the percentage of total species richness and trap success (r = 0.687, P < 0.05). When data were pooled by season, these correlations were significant for spring, summer and winter trapping. When data were pooled by locality, significant correlation between species richness and trap success was found at WP, SNR and CNR, but not at KC or TdR. The same analyses performed with percentage of total species richness gave significant correlations at WP, KC and CNR, but not at SNR or TdR. A significant correlation between species richness and trap success was reported previously for Soetdoring Nature Reserve (Kuyler 2000) and Maguga (Avenant and Kuyler 2002) .
Diversity and evenness
Shannon and Simpson diversity values vary considerably among the transects and between the seasonal samples (Tables 1, 2; Figs 7, 8) . Scores for the two indices are strongly correlated when data are pooled across all transects (r = 0.878; n = 108; P < 0.05) (Fig. 8) . Although the mean diversity scores of both indices were markedly higher in autumn, significant seasonal contrasts were found only for the Shannon index (H 3,110 = 8.102; P < 0.05).
Evenness values on the different transects ranged from~0.000 to 1.000, when seasonal values were pooled (Table 1) . When all the sites were pooled, differences were evident between seasons (Table 2) , with evenness scores significantly lower in autumn than in summer (Fig. 9 ). This is in stark contrast with what has been found at WPNR. When all data were pooled, Evar values are negatively correlated with species richness (r = -0.53; P < 0.05) and with both the Shannon and Simpson indices (r = -0.418 and -0.382, respectively; P < 0.05). However, when broken down into seasons, Evar correlated only with the density indices during the seasons when highest trap success and species richness were found (winter and autumn).
Correlation with ecological integrity
Associated EI values are available for transects at CNR and TdR (Table 1) . In both localities the transects appeared to cover a range of successional stages -EI increased from transect number (TN) 37 to TN40 at CNR (Avenant et al. 2008) and from TN42 to TN44 at TdR (Avenant and Cavallini 2007) . At both localities the number of species increased along with the EI value. At CNR only one species (Tatera leucogaster) occurred at all four plots; plots with the lowest EI values (TN37 and TN38) also housed one other species, Mastomys coucha; TN39, with an intermediate EI value, hosted both the species present at TN37 and TN38, plus Rhabdomys pumilio; TN40, with the highest EI value, shared two species (R. pumilio and T. leucogaster) with TN39, but also housed Otomys irroratus, Myosorex varius, Dendromus melanotis and Mus minutoides. A conspicuous absence from this plot was M. coucha (Table 2 ; Avenant et al. 2008) . A similar succession and increase in number of species with EI was found in the three similar plots at TdR (Avenant and Cavallini 2007; Table 2 ). At both localities (CNR and TdR), Shannon diversity index increased with the EI value (Kruskal-Wallis, P < 0.05). Although comparable trends were observed for the Simpson's diversity at both TdR and CNR, the differences between sites were not significant and no correlations with EI were found.
Small mammal densities also increased with EI at CNR and at TdR (TN41 an outgroup -see Avenant and Cavallini 2007) . It is also notable that the generalist species M. coucha contributed most to small mammal numbers at the plots with the lowest EI values, and at CNR they were absent from the plot with the highest EI value. On the other hand, the specialist species D. melanotis and M. minutoides were only found at the plots with the highest EI values. Comparable observations for these species have been made on the basis of several relatively long-term southern African studies (Rowe-Rowe and Lowry 1982; Rowe-Rowe 1995; Van Aarde 1999, 2000) , and from short-term studies in the Free State (Avenant 1996 (Avenant , 1997 2000a , 2000b Avenant and Kuyler 2002; Avenant and Watson 2002) . 
Discussion
Sampling issues
The overall low trap success in the grassland biome of the Free State represents a challenge for the use of small mammals for assessment of ecosystem integrity, as does the relatively small number of species that are captured with any regularity. Nevertheless, a strong case can be made for following a consistent sampling protocol for assessment of small mammal community structure, both in terms of the timing of surveys, trap spacing and the duration of trapping periods. For small mammal surveys in the Free State grasslands, sampling during the period autumn to early winter is clearly most productive. High trap success during these periods is probably due to the fact that small mammal densities are at their highest at the end of the breeding season, which in the grassland biome is in late autumn (National Museum records; N. Avenant, pers. obs.) . Also at this time, food resources are declining while energy needs are increasing due to the drop in temperature. The cold, dry winters result in a sudden, massive drop in small mammal numbers, annually observed from early to mid-winter (Bronner et al. 1988 ; N. Avenant, pers. obs.). The combination of high population density and declining food resources may encourage even trap-shy individuals and species to visit traps. Conversely, the low trap success in spring and summer may be attributed to the fact that population numbers are still low during these seasons, while food is becoming relatively abundant, reflecting the onset of plant growth in early spring.
At the TdR locality where trapping occurred over an extended period, the highest species richness was reached between three and four trap-nights, with immigration starting to have a significant effect on the diversity and evenness scores from the sixth day (Avenant and Cavallini 2007) . A comparable result has been obtained from several other studies (Avenant 2000a (Avenant , 2000b Avenant et al. 2008; unpublished results) , and the 3-4 night sampling period appears to be a useful robust standard. Likewise, the 5 m trap spacing on transects was shown by Ferreira and Avenant (2003) to be optimal for determining species richness, diversity and similarity estimates.
Individual species as indicator species
The multimammate mouse Mastomys coucha has exceptionally high reproductive output and is commonly thought to be a good indicator of disturbance. In the Free State, their numbers consistently dominate small mammal communities in anthropogenically disturbed areas or in areas where primary productivity (inter alia food availability) increases shortly after natural disturbances such as fire or periods of drought (Avenant et al. 2008) . This is consistent with studies on the species elsewhere in South Africa and more widely in Africa. For example, Meester et al. (1979) , Mendelsohn (1982) , Bronner et al. (1988) , Linn (1991) , Rowe-Rowe (1995), Leirs et al. (1996) , Monadjem (1997) , Ferreira and Van Aarde (2000) and Caro (2001) have all reported Mastomys spp. to be the first small mammal to colonise and flourish after disturbances such as drought, fire, overgrazing and cultivation. Recent work by the author (N. Avenant and E. Schulze, unpubl. data) even suggests that this species does not vacate an area during or immediately after fire; the survivors merely stay on and outbreed any competition. Furthermore, while M. coucha becomes less abundant with advancing successional stage (Avenant and Cavallini 2007; Avenant et al. 2008) , the species never totally disappears from the area. Although this species was absent from the sites with the highest EI values at Soetdoring Nature Reserve (Kuyler 2000) , De Brug Army Training Camp (Kaiser 2005 ) and CNR, their presence at other sites with high EI values (e.g. TdR; N. Avenant, unpubl. data) and in post-climax habitats elsewhere (N. Avenant, pers. obs.) makes one believe that this species never totally disappears from an area.
Dendromus melanotis was only caught on the least disturbed grassland transects (at KC, CNR and TdR). Comparable observations for this specialist species have been made in other southern African habitats (e.g. Rowe-Rowe 1995; Ferreira and Van Aarde 1997; Avenant and Kuyler 2002; unpubl. data from the Glen area and numerous environmental impact assessments in the Free State and Lesotho). It is considered to be a valuable indicator of late successional stage vegetation.
The occurrence of some species seems to be linked more closely with substrate than successional stage. For example, the gerbil species Tatera brantsi and T. leucogaster were caught on all transects with sandy substrates at the CNR locality, regardless of the EI value. Micaelamys namaquensis is similarly linked specifically with rocky substrates, while Crocidura cyanea, Dendromus melanotis, Elephantulus myurus, Graphiurus murinus, Malacothrix typica, Saccostomus campestris, Mus minutoides, Mystromys albicaudatus, Myosorex varius and Otomys irroratus were all found only in fairly specific habitats, as described by Skinner and Chimimba (2005) .
Mystromys albicaudatus has been recorded during four Free State studies, all of them in areas with very to fairly low EI values (Kuyler 2000; Kaiser 2005; Avenant and Cavallini 2007; N. Avenant, unpubl. data) . In one study (N. Avenant and E. Schulze, unpubl. data) , M. albicaudatus appeared to enter the grassland habitat approximately six months after fire, and then disappear from the habitat as succession progressed. This pattern Table 1. was also observed by Kuyler (2000) and Kaiser (2005) , who recorded M. albicaudatus in sites with fairly low EI values, but not at the lowest or at high values.
The indicator status of Mus minutoides and Myosorex varius in Free State grasslands remains uncertain. Both species were generally recorded at sites with highest species richness, EI values and/or diversity indices (Tables 1, 2 ). However, there were exceptions that belie any simple interpretation (e.g. for M. varius at TN3 and TN14; for M. minutoides at TN25 and TN42). Elsewhere in South Africa, these species have been recorded as inhabitants of later successional stages (e.g. RoweRowe (1995) -montane grasslands; Ferreira and Van Aarde (1997) -rehabilitated coastal dunes). However, M. minutoides has also been recorded as dominating the small mammal fauna immediately after burning in the KwaZulu-Natal Midland grasslands (J. Watson, pers. comm., 2009), and Kern (1981) reported increased densities of this species in burnt areas in bushveld in the Kruger National Park.
Correlation with ecological integrity
In the two localities where both sets of measures are available (CNR and TdR), small mammal species richness and diversity is clearly correlated with EI values. This finding is consistent with Avenant's (2005) application of the Tilman successional model of species diversity to the related context of ecosystem integrity in the grassland biome. Small mammal densities also increased with EI at CNR, but not at TdR. A significant finding is that the ecological generalist Mastomys coucha was numerically most dominant on transects with the lowest EI values, and at CNR they were absent from the transect with the highest EI value. On the other hand, the specialist species Dendromus melanotis and Mus minutoides were only found at the plots with the highest EI values. Comparable observations for these species have been made in several other, relatively long-term, southern African studies (Rowe-Rowe and Lowry 1982; Rowe-Rowe 1995; Van Aarde 1999, 2000) , and in the Free State in short-term studies (Avenant 1996 (Avenant , 1997 2000a , 2000b Avenant and Kuyler 2002; Avenant and Watson 2002) .
While EI values are not available for QQNP and WPNR, other observations at these localities support the notion that transects were placed in disturbed vegetation (Avenant 1997; Avenant 2000a; J. du Preez, pers. comm., 1999) . Both localities had small mammal communities with relatively lower than anticipated species richness (based on other regional records), low diversities (per trap season and site), and a relatively high contribution by Mastomys coucha (in QQNP especially in a specific area where anthropogenic disturbance is highest).
At the KC locality the four transects within the conservancy showed high species richness and diversity, the presence of specialists, and a relatively low contribution of M. coucha. These are interpreted here as indicators of a healthy and relatively stable ecosystem. In contrast, the fifth transect (TN30), placed on the border of the conservancy in what appeared to be a 'climax' habitat, housed very few species, showed low diversity with no specialists, and the nocturnal small mammal component was completely dominated by Mastomys coucha. The high trap success (of M. coucha and R. pumilio) in this seemingly resource rich habitat confirmed our suspicion that 'integrity' should not be strictly equated with food availability, and that integrity should best be tested at more than one ecosystem level. This notion was later supported at the De Brug Army Training Base, where SAGraSS correlated with EI, but where all small mammal variables suggested ecosystem disturbance (Kaiser 2005) . At KC this greater degree of disturbance was not necessarily due to trampling and grazing of domestic animals (TN27 was also frequently grazed by these animals), but probably due to differences in the small-to medium-sized predator component. Transect number 30 is the only transect more accessible to people and dogs, the latter having been observed at some of the workers' houses. The absence of natural predators (Norrdahl and Korpimäki 1995; Cole and Wilson 1996) and the presence of dogs (Lynch 1994; Nel et al. 1996; Avenant 1997) have been mentioned as factors that may decrease mammal diversity and, therefore, indirectly lead to an overall decrease in biodiversity (Tilman et al.1996; Griffiths 1999; Avenant 2000a) .
At Maguga (Avenant and Kuyler 2002) , further support came from a contrast between the two most disturbed sites (a cultivated area and a thicket under exotic Lantana sp.) and the two least disturbed sites (thicket and open woodland). In the two most disturbed habitats, the lowest number of small mammal species was found (1.5 AE 1.0; n = 4), Shannon diversity was lowest (0.188 AE 0.375), and a multimammate Mastomys sp. dominated (67.65 AE 47.18%). In the two least disturbed habitats, species richness was highest (5.0 AE 0.8; n = 4), Shannon diversity was highest (1.438 AE 0.239), and the multimammate mouse contributed only 13.95 AE 7.52% to the total catch.
This study has not produced any evidence relevant to assessing the reality of the post-climax component of the Tilman model in regard to grassland rodents. We anticipate that species richness and diversity will decrease in the postclimax phase, probably to fluctuate around a fairly low species richness and diversity score (N. Avenant and E. Schulze, unpubl. data) . Rhabdomys pumilio and Mastomys coucha are both candidates for decline in post-climax vegetation but our limited data from WPNR and Erfenisdam Nature Reserve (J. du Preez, pers. comm., 1999; E. Schulze, pers. comm., 2005) suggest that these species do not disappear altogether from post-climax plots.
Conclusions
The results of this study suggest that small mammals can be used in the assessment of ecosystem integrity in the grassland biome of southern Africa, albeit under specific conditions and as a fairly coarse measure.
One major conclusion is that, in the Free State grasslands, small mammal assessments should be done during autumn and early winter. Outside this time, small mammal abundances are either too low for practical assessment, or specific species become difficult to trap on account of abundant alternative food resources.
Following this study, more emphasis can be placed on the abundances of Mastomys coucha and Dendromus melanotis as good indicators of disturbance history and integrity, due to their association with relatively more and less disturbed habitats, respectively. Mystromys albicaudatus is another potential good indicator, though less is known of its ecological role during mid-successional stages. High densities of Rhabdomys pumilio, the only diurnal rodent in most of these habitats, are not necessarily an indication of ecosystem integrity, but possibly of primary productivity. Species such as Tatera spp. and Mus minutoides do not behave consistently in relation to other indicators of ecosystem integrity and should, for now, not be used as indicator species. Elephantulus myurus, Micaelamys namaquensis, Graphiurus murinus, Saccostomus campestris, Malacothrix typica and Otomys irroratus should be regarded as habitat-specific species, as insufficient data are available to afford them any other status. Presence of insectivores in an area is thought to be an excellent indication of ecosystem integrity (Pocock and Jennings 2008) , but in the present study they were recorded infrequently and would need to be assessed by some other means to become useful indicators of environmental condition in Free State habitats. Species richness and calculated diversity indices for small mammals are probably good indicators of environmental integrity. In this study, these two variables correlated positively with each other. However, too much emphasis should not be placed on diversity index values, especially where trap success is low. Rather, the combination of species richness, diversity, relative contribution of Mastomys coucha, presence or absence of specialist species, and the presence or absence of Mystromys albicaudatus should all be taken into account. The trapability of various species needs to be taken into account as chance captures of elusive species, such as Suncus varilla and Otomys irroratus, can have a pronounced impact on the community variables investigated here.
